This paper examines the role of industrial and occupational segregation in explaining the gender wage gap and its evolution in Georgia between 2004 and 2015. It first documents the declining trends observed in the gender wage gap in Georgia during this period, commenting on some of the possible underlying factors driving such trends. It then presents evidence that employment patterns by industry and occupations are highly concentrated in the country and measures the degree of segregation using the Duncan index. Next, it analyzes if and how much industrial and occupational segregation have contributed to the gender wage gap and its decline by decomposing the gender wage gap into the within-category and between-category components. The results point to existing gender wage gaps within sectors, industries, and occupations being the primary drivers of the wage gap in Georgia, and find a smaller role of gender segregation per se in these categories.
I. Introduction
Gender inequality represents a significant barrier for human development, and consequently a hinder to the full economic growth and development of any country. Gender inequality entails a different degree of access to similar opportunities based on the single circumstance of gender, placing women in a disadvantageous situation. Its importance has been emphasized in recent years by including it as a key dimension in the context of the MDGs and SDGs. Therefore, a comprehensive assessment of gender disparities should come from several fronts, as suggested by the different measures that have been developed to evaluate the extent of it. For instance, the United Nations Gender Inequality Index (GII) measures gender inequalities present in three human development aspects, which include reproductive health, empowerment, and economic status. On the other hand, the Global Gender Gap Index analyzes gender inequalities in four different areas, which are health, education, economy, and politics. The advantages of achieving gender equality are numerous, however in this process it is of primary importance to identify the underlying factors and understand how they drive the disparities across genders in several fronts.
This paper focuses on the economic front of gender equality, as its primary focus is the gender wage gap in Georgia. In the global context, Georgia ranked 76 of 159 countries in the 2015 UN GII, placing it just above the lower half. However, in a more recent ranking, the country ranks 94 of 144 in the 2017 Global Gender Gap Index, placing it below the global average. In the context of the Eastern Europe and Central Asia region, the country ranks as the fifth lowest performer in terms of the Global Gender Gap Index. Of the four sub-indexes that compose the global index, Georgia performs best at economic participation and opportunity, ranking 75 globally. Nevertheless, similar to other countries in the region, Georgia performs worst at health and survival, ranking 124 of 144.
The main underlying factor for the low health performance is the high sex ratio at birth of boys to girls, which places the country at place 138 out of a total of 144. Thus, gender inequality remains a challenge in Georgia.
This paper complements the literature on gender wage gaps in Georgia by investigating the contribution of occupational and sector segregation. To this end, the paper is organized as follows: section II presents a brief overview of the gender wage gap trends observed in Georgia in the last decade, section III documents the existing gender segregation in terms of occupations and sectors in Georgia, and section IV describes the methodology for the remaining analysis. Main findings of the role of segregation in the gender wage gap are presented in section V, and finally section VII concludes and comments on policy implications of our findings.
II. Data and descriptive statistics
This study uses data from the Georgian Household Budget Survey (HBS) for the period 2004-2015.
The HBS is a quarterly survey of about 3,000 households that follows a rotating panel design. Surveyed households remain in the sample for four quarters before being replaced by a new cohort. We limit the sample to 25-55-year-old individuals to avoid issues related to the selection into retirement and schooling. We assess the wages of wage workers only, who comprise about 40 percent of female and male labor force. The original sample includes 525,601 observations. The age restriction results in 232,614 observations with non-missing labor force status. For the analysis on gender wage gap, we use contractual monthly wages from primary employment, excluding bonuses, subsidies, and presents, and convert them into 2005 constant Georgian laris (GEL) using the quarterly Consumer Price Index. Monthly rather than hourly wages are used due to the lack of the data on the exact number of hours worked.
Male and female wage workers in 2015 are younger than in 2004 (Table 1 ). There are proportionately more men among 25-34-year-olds, almost equal proportion of male and female workers among 35-44-year-olds, and proportionately fewer men among 45-55-year-olds. This pattern is consistent with women being out of workforce during their 20s and early 30s and (re-) entering the workforce in their late 30s and 40s.
During this period the share of married workers in female employment increased faster whereas it decreased for men, resulting in the contraction in the gap. We note that the sharpest spike in the female share took place during the 2008 crisis, which is consistent with the female added worker effect.
Work hours increased for women and decreased for men. Hence, the gender gap in the share of workers employed for 40 hours or more contracted throughout the 2004 -2015 period as it decreased from 0.476 to 0.428 for men and increased from 0.229 to 0.358 for women. It is notable that the consistent decrease for men is observed even during the economic recovery period after 2012.
The role of vocational education declined for both men and women, but more so for men. The 10-percentage points decline for men between 2004 and 2015 was associated with a 7 percentage point increase in the share of male workers with high school education or less. For women, the changes in the educational composition were not as dramatic and they maintained their advantage in the share of workers with higher education.
Somewhat paralleling these developments in education, the share of male workers in blue-collar occupations increased during this period. But the composition of blue-collar occupations shifted as their share in low-skill blue collar occupations increased by 9.5 percentage points and their share in high-skill blue collar occupations declined between 2004 and 2015. For women, the relocation appears to have taken place within white-collar occupations from high-skill to low-skill occupations. As a result of these developments, the gender gap in low-skill blue-collar jobs widened whereas it shrank in high-skill blue-collar jobs. Similarly, the gender gap (favoring women) in high-skill whitecollar occupations contracted whereas it shrank in low-skill white-collar occupations.
During this period, the role of the private sector expanded and did so more for women than for men. The share of female workers in the private sector increased by 16.8 percentage points from 0.414 to 0.582 between 2004 and 2015. Men, on the other hand, experienced only a 6.9 percentage point increase from 0.627 to 0.696. These changes have been particularly evident since 2011, which indicates that private sector may be playing an increasingly prominent role in the more recent shifts taking place in the Georgian economy. The shares of workers in trade and finance increased for both men and women. For men the share of workers in the mining industry also increased, which is consistent with the growing importance of blue-collar occupations in men's employment composition although notably their share in manufacturing declined during this period. At the same time, the share of employment in typically state-dominated economic sectors such as education, health and public administration and defense either declined or has not changed, even as some of them (e.g. health) became increasingly privatized.
Despite these changes, women's employment patterns by industries and occupations remained highly concentrated. As many as 47.2 percent of female workers in 2015 were employed in only three sectors: health, education and culture and 86.4 percent of them were employed in white-collar occupations. Men's employment composition is much more evenly distributed across different sectors and occupations. Notes: weighted proportions; Skill categories correspond to four occupational groups based on the ISCO-88 single-digit occupation coding: 1-3 = high-skilled white-collar (such as teachers, physicians, engineers); 4-5 = low-skilled white-collar (such as office clerks, sales, and customer service personnel); 6-7 = high-skilled blue-collar (such as machine operators and skilled agricultural workers); and 8-9 = lowskilled blue-collar (such as drivers, movers).
As Figure 1 The developments observed in the gender wage gap were powered by different distributional dynamics (Figure 2 ). In particular, during 2004, the gap was upward sloping across the wage distribution, potentially indicative of the glass ceiling effect, which is present when women in high-earning occupations are unable to advance due to the limited access to promotion opportunities or other forms of discrimination. By 2007, the gap became downward sloping, suggesting that the contraction in the gap at the mean was driven by improvements in the position of women at the top of the distribution, likely due to changes in the public sector. In fact, at the bottom end of the distribution, the gap increased, likely due to the expansion of male-dominated construction and transport sectors. The 2008 crisis resulted in the cyclical contraction of these industries, which shrank the gap at the bottom end of the distribution back to the pre-recession level. The gap also contracted at the top end, leading to an inverted-U shape of the gender wage gap across wage distribution present through 2012. Since then, the gap widened at the bottom end of the distribution, potentially indicative of the recovery in the male-dominated industries, resulting in a flat curve until the 80 These observations suggest that gender wage gap movements contain a strong cyclical element, due to the considerable industrial and occupational segregation. Similarly, for the period before 2012, Khitarishvili (2016) attributes the considerable size of the gender wage gap to the high degree of industrial and occupational segregation. This motivates the focus of the present paper to examine and quantify the role that segregation, in terms of occupations and sectors, has played in the movement of the gender wage gap in Georgia between 2004 and 2015.
III. The state of industrial and occupational segregation in Georgia
In Georgia, women's employment patterns by industries and occupations remain highly concentrated. As many as 47.2 percent of female workers in 2015 were employed in only three sectors: health, education, and culture, and 86.4 percent of them were employed in white-collar occupations. This contrasts with men's employment composition, which is much more evenly distributed across different sectors and occupations. Industrial and occupational segregation are typically among the main explanatory factors underlying the gender wage gap (references).
But, to what extent is it the case in Georgia? We explore this question by first examining in greater detail the degree of industrial and occupational segregation in Georgia during 2004 -2015 and then by quantifying its contribution to the gap. We establish the extent of industrial and occupational segregation by using the Duncan index (Duncan and Duncan, 1955) , defined as:
where is the percentage of males in total males in category i and is the percentage of females in total females in category i. The value of the index varies from 0 to 1. The value of 0 implies that there is no segregation by category i, and the value of 1 indicates complete segregation. The value of the index increases with the level of disaggregation. For example, Anker (1998) reports that the value of the Duncan index in France in 1990 was 0.393 when using single-digit standard industrial classification (SIC) categories for occupation and 0.607 when using three-digit SIC categories. In this analysis, we present the values for industries and occupations based on five sets of categories: public and private sector; 13 industry categories; 4 skill categories, 9 single-digit ISCO-88 categories; and 299 ISCO-88 four-digit occupation categories. Table 2 . Duncan index in Georgia.
Source: GHBS data
The value of the index is 0.1774 when using the public and private sector categories, indicating that 17.74 percent of workers have to be moved in order to obtain an equal gender distribution of employment ( When the index is defined in terms of 13 industrial categories, as expected, we obtain a higher value, indicating that 47.47 percent of workers have to be moved in order to achieve gender balance in employment.
Next, we consider the Duncan index of occupational segregation. As we move from the least detailed breakdown (4 skill categories) to the most detailed (299 four-digit categories), the Duncan index rises from 0.3463 to 0.7033. The latter index is the closest to the commonly reported index out of the three occupation-based indices in Table 2 
IV. Methodology
Hence, we establish that the degree of industrial and occupational segregation in Georgia is considerable. For our purposes, a key issue is whether and how much industrial and occupational segregation have contributed to the presence of the gender wage gap and its decline in Georgia between 2004 and 2015, especially in the context of the relatively stable picture in terms of industrial and occupational employment patterns. We examine this question by using the approach proposed in Brown, Moon and Zoloth (1980), hereafter BMZ. This approach breaks down the gender wage gap into the intra-category and inter-category components. For example, considering the case of industrial segregation, the gender wage gap is decomposed into the component that is due to the presence of the gap within each industry (intra-industry component) and the component due to gender differences in industry employment shares (inter-industry component). The second component can be viewed as the contribution of industrial segregation to the gender wage gap whose role we are particularly interested in quantifying.
Intuitively, the BMZ approach enables us to see whether the gender wage gap is present due to the wide gap within sectors or due to the high degree of segregation, which relegates women to lowly remunerated industries and occupations. If the culprit is the wide gap within sectors, the overall gender wage gap will be present even if women and men are equally represented in all sectors of the economy, i.e. if there is no industrial or occupational segregation. On the other hand, the overall gender wage gap will also be present if the gap within sectors is very small, but there is high degree of industrial or occupational segregation, in which women are concentrated in industries and occupations with relatively low wages.
To obtain the decomposition in Brown et al. where is the average of the natural logarithm of monthly wages for men and women, is the vector of OLS coefficient estimates for men and women, and is the matrix of average values of characteristics for men and women, estimated for each category i. Next, we can express the gender wage gap as the gap between the weighted sums of wages, the category weight being , the share of male and females in occupation i:
In the next step, the gap is further decomposed into the inter-category and intra-category components:
The first term on the right-hand side represents the intra-category component of the gender wage gap, which is the sum of the gender wage gap for each category weighted by the employment share of men (women) in this category. The second term represents the intercategory component of the gender wage gap, which is present when there is category-based segregation. For example, if there is strong industrial segregation and the differences in the male and female employment shares are large, the contribution of the inter-category component would be large. Unlike the Duncan index, the actual differences rather than their absolute values are taken. Therefore, it is possible for the degree of industrial segregation to be substantial (as is the case in Georgia) however for the inter-industry component to be small, if women are under-represented in some sectors but over-represented in others.
The last step entails the decomposition of the inter-and intra-category components into explained and unexplained parts, similar to the Oaxaca Blinder approach:
V. The role of segregation in explaining the gender wage gap
Sector segregation
Public and private sector breakdown
We first analyze the breakdown by public and private sectors. Over 40 percent of women and 30 percent of men in 2015 were employed in the public sector. Figure 4 depicts the movements in the wages of men and women and in the gender wage gap between 2004 and 2015 separately for the public and private sectors. Even though wages remain lower in the public sector, the gender wage gap in it is higher than in the private sector (Figure 4) . Between 2004 and 2007 public sector wages grew faster than private sector ones. Because the increase in public sector wages was more pronounced for men, the gender wage gap in the public sector increased during this period. On the other hand, it unequivocally contracted in the private sector, resulting in the slight net decrease in the overall gap. The 2008 crisis precipitated the drop in wages in both sectors and hit men harder than women. As a result, the gender wage gap contracted in both sectors immediately following the crisis. Wages started to recover at the beginning of 2012 and continued growing until the end of 2013 when the wage growth stalled and turned negative for women in the private sector. The gap in the public sector remained flat whereas in the private sector it widened, resulting in a slight widening of the overall gap. This lies in contrast to the developments during the 2004-2007 expansionary period when the wages grew and overall gap slightly contracted. The results of the BMZ decomposition reveal that the primary factors underlying the presence of the large gap in Georgia are considerable gaps within the private and public sectors. Sectoral segregation by public and private sectors appears to be inconsequential in explaining the presence of the gender wage gap in Georgia. Figure 4 demonstrates, this was because prior to 2007 the wages in the female-dominated public sector were slightly lower than the wages in the male-dominated private sector. As a result, the impact of gender differences in the employment shares in the private sector (positive value) outweighed the impact of the gender differences in the employment shares in the public sector (negative value), resulting in a positive inter-sector component in equation (4). After 2007, as the wages in the public sector caught up with private sector wages, so did the negative contribution of the gender differences in the employment shares in the public sector, eventually slightly dominating the gap (Table 3) . It was this switch from the widening to the contracting contribution of sectoral (public/private) segregation that contributed to the shrinking of the gender wage gap in Georgia and in some years played the primary role in that process. For example, between 2004 and 2007 the gap within the public sector widened and its contribution to the gap increased from 29 to 43 log points ( Figure 5 ) (intra component). The overall gap nevertheless contracted during this period because, on the one hand, the sectoral segregation turned in women's favor as public sector wages increased (inter-component dropped from 13 log points to 0) and, importantly, the gap within the private sector also shrank (intra private in Figure 5 decreased from 22 to 20 log points) The latter finding highlights the growing role of the private sector in contributing to the reduction in the gender wage gap in Georgia.
Hence, the gender wage gap in Georgia exists primarily because the gaps are considerable within both public and private sectors rather than due to the proportionately greater presence of women in the public sector (sectoral segregation). To what extent can these findings be explained by the differences in the composition of the female and male workforce? The BMZ decomposition reveals that 42 percent of the gender inequality within industries (or the intrasector component) is due to explanatory factors, such as marital status, educational attainment, and industry of employment ( Figure 5 ). This finding implies that women's joint characteristics within each sector place them at a disadvantage relative to men. However, the unexplained portion is even greater: 58 percent of the within sector inequality is due to unobserved factors, such as discriminatory practices in wage setting and promotion. In terms of sectoral segregation (or the inter-sector component), the composition effect is small but negative, suggesting that, given gender differences in the characteristics of workers, more women than men should be employed in these sectors. However, due to unobserved factors (potentially including discriminatory employment practices), this is not the case. Hence, even though the sectoral segregation dynamics appear to increasingly favor women, women nevertheless face unobserved barriers, both in terms of wages and the selection into sectors. Figure 5 . Decomposition of inter-and intra-industry components into the composition and structure effects.
Industrial segregation
We further disaggregate the results by industries. We observe that, similar to the private/public sector findings, the contribution of the intra-industrial component (gender gap within industries) dominates, although its magnitude is smaller, varying from 52 to 84 percent during 2004 -2015 (Table 4) . Hence, industrial segregation plays a much more important role when we use industries as the metric of analysis implying that within public and private sectors of the economy female-dominated industries tend to remunerate more poorly than male-dominated industries.
Over time, both intra-industrial and inter-industrial components of the gender wage gap contracted, leading to the overall reduction in the gender wage gap (Table 3 ). This indicates that between 2004 and 2015 women in Georgia benefitted from the changes in their compensation relative to men within industries and from the movement into the industries with higher wages. What industries drive these developments? The decomposition results suggest that in terms of the gender wage inequality within sectors (intra-industrial component), health care and education were the biggest culprits followed by trade and manufacturing (Table 1 in the Appendix). At the same time, these sectors also experienced the biggest drops in gender wage inequality, contributing the most to the contraction in the overall intra-industrial component. As for the role of industrial segregation (inter-industry component), finance sector is emerging as the sector in which women's representation has increased in recent years, one of the privatesector developments potentially underlying the observed reduction in industrial segregation. Inter-industry component has also decreased in the education sector, although in that case the reduction reflects the growing (rather than diminishing) degree of gender segregation in already the most gender-segregated sector in the Georgian economy. Hence, in the case of the education sector the wage changes within this industry combined with the higher degree of gender segregation have jointly contributed to the contraction in the gap. Given the growing role of the private sector in education, these findings shed more light on the ways in which the private sector has contributed to the gender wage gap contractions in Georgia.
What portion of the gender wage inequality within sectors (intra-industrial component) is due to the gender differences in observed characteristics within industries and how has the role of these gender differences changed over time? We find that, unlike the public/private breakdown, in which about half of the gap within each sector (intra-sector component) could be explained by differences in the characteristics of men and women, a very small proportion of the intra-industrial component can be explained by differences in the characteristics ( Figure  6 ). On average less than 10 percent of the intra-industrial component between 2004 and 2016 is due to observed factors, and in some years the composition effect is in fact negative (suggesting that women receive lower wages despite having stronger characteristics within sectors). This finding implies that the greater role of observed characteristics in explaining the gaps in the public and private sectors masks a strong selection by observed characteristics into different industries within each sector (as a result of which the composition effect in the intraindustrial component is low). Similarly, the composition effect in industrial segregation (interindustrial component) is small, implying that selection into industries is also driven primarily by unobserved factors. Figure 6 . Decomposition of inter-and intra-sectoral components into the composition and structure effects.
Occupational segregation
To provide another angle for examining the degree of gender-based segregation in the Georgian labor market, we examine the gap by skill characteristics focusing on low-and highskill blue-and white-collar occupations. The BMZ decomposition by skill level reveals that gender differences in skill-based employment composition (inter-occupation component, or occupational segregation) during 2004 -2015 lower the gap on average by 11 log points (Table 7) . This implies that skill-based gender segregation favors women in that it should reduce rather than widen the gender wage gap, mainly due to the high concentration of women in high-skill white-collar occupations. This, in turn, means that the gap is solely due to the high degree of gender wage inequality within skill categories. Table 7 . Decomposition of the gap into intra and inter components, by skill. Notes: bootstrapped standard errors in parentheses (200 replications); All estimates are significant at 1% significance level; lsbc is low-skill blue-collar occupations, hsbc is high-skill blue-collar occupations; lswc is low-skill white-collar occupations and hswc is high-skill white-collar occupations.
Between 2004 and 2008 the gender wage inequality within skill categories (intra-skill) widened as its contribution increased from 66 to 75 log points. This impact was driven by the widening inequality in high-skill white-collar occupations (Table 7) . The gap nevertheless contracted from 63 to 59 log points because gender differences in skill-based employment composition (or inter-skill component) widened in favor of women from -2 to -16 log points and wages of women in high-skill white collar occupations increased faster than in other categories.
In contrast, since 2008, the intra-skill component shrank, no longer counteracting but rather contributing to the contraction in the gap from 59 to 45 log points between 2008 and 2015. Once again, the changes in the wage inequality in high-skill white-collar occupations were the driving force (Table 7 ). The contribution of the intra-skill component in high-skill white-collar occupations decreased from 59 to 37 log points. This finding is consistent with the previouslydocumented reductions in the gap within the public sector generally, and in healthcare and education, in particular, primarily contributing to the contraction in the overall gap. On the other hand, the role of skill-based segregation (inter-skill component) at lowering the gap decreased from -16 to -11 log points between 2008 and 2015. This was to a large degree due to the combined effect of the reduced negative role of skill-based segregation in high-skill white-collar occupations and stronger positive role of skill-based segregation in low-skill bluecollar occupations, which outweighed the reduction in the positive effect of skill-based segregation in high-skill blue-collar occupations and stronger negative impact of the skill-based segregation in low-skill white-collar occupations (Table 7) .
To what degree can these changes be explained by observed factors and to what extent are they due to unobserved shifts? The breakdown reveals a roughly equal contribution. That is, almost half of the gender wage gap within each skill category is due to observed differences in characteristics, such as marital status, education level and age, and slightly more than half of wage gap within industries remains unexplained (Figure 7 ). This picture remains remarkably stable between 2004 and 2015. Similarly, the selection into skill categories and ultimately gender differences in skill-based employment composition can be roughly equally attributed to observed gender differences in the characteristics and to unobserved factors. 
VI. Conclusions and policy implications
This paper analyzes the movements in the gender wage gap in Georgia using the lens of industrial and occupational segregation .and reveals that the gender wage gap in Georgia is present mainly due to the gender wage inequality within industries and skill categories rather than due to the industrial and skill-based segregation.
Industrial and occupational segregation have been shown to be important determinants of gender wage gaps in a range of countries. Using the Duncan index, we establish that industrial and occupational segregation in Georgia during 2004 -2015 was high. We then quantify the role of industrial and occupational segregation in relation to the within-industry or withinoccupation gender wage inequality by employing the decomposition approach proposed in Brown et al. (1980) . This analysis demonstrates that, despite the high degree of industrial and occupational segregation, it is the gender wage gaps within sectors (public and private), industries and skill categories that are the primary factor underlying the presence of the gender wage gap in Georgia. This is in part because female-dominated industries and occupations do not pay much less than the economy-wide average, because women are concentrated in the industries and occupations that have benefitted during expansionary periods and were not as affected by the 2008 crisis as male-dominated industries. Our findings also highlight the growing role of the private sector in contributing to the gender wage gap contraction in Georgia. Importantly, we establish that at least a half or more of the gaps within sectors (public Previous work has demonstrated large scope for policy interventions in reducing the gender wage gap in Georgia. For example, Khitarishvili (2016) finds that, in part due to the presence of high degree of industrial and occupational segregation, public sector reforms have enabled swift reductions in the gender wage gap in Georgia. Our analysis further underscores the important role that policy interventions can play. In particular, the findings of the high unexplained share of the intra-and inter-components emphasize that unobserved barriers that limit their labor market earnings remain sizable for women in Georgia. Thus, our policy recommendations include the implementation of measures that will directly contribute to equal wages, such as the laws that mandate equal pay for equal work and ensure stronger representation of women on company boards (World Bank 2016).
Despite its relatively modest role in explaining the gender wage gap in Georgia, the high degree of industrial and occupational segregation is nevertheless problematic to the extent that it reflects strong gender specialization patterns by subject in tertiary education that can widen gender gaps in the long run, especially as Georgia attempts to strengthen its STEM-trained workforce. According to the UNESCO data, the percentage of tertiary-level female graduates in fields such as arts and humanities, education, health and welfare, is twice the percentage among men. Yet for fields such as engineering, manufacturing and construction, information and communication technologies, and services, the percentage of female graduates is less than half that of male graduates. Hence introducing programs that encourage women to pursue these presently male-dominated fields in tertiary education and ultimately employment should be a policy priority. To complement these efforts, targeted policy should also focus on facilitating the transition from school to work. For the latest paper, visit our GP's intranet at http://POVERTY. 
